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ACEI Lower Mortality and Hospitalizations In
HFrEF

32 Trials of ACEl in Heart Failure: ACEI (n=38/0) vs. Placebo (n=3235) ]
Death or CHF
0 Total Mortality | Hospitalization |,  Hospitalization
04 m e — — — = = — = — —
S 10 -
=
= -0 -
g -20
e
= 30 -
(@ -240
= OR 0.77 (0.67-0.88), p<0.001 350, 31%
L 40 -
o OR 0.69 (0.58-0.83), p<0.001
50 OR 0.65 (0.57-0.74), p<0.001
~60 - @ Mass General Brigham
OR = odds ratIO Center for Cardiometabolic Implementation Science
Garg R, Yusuf S for the Collaborative Group on ACE Inhibitor Trials. JAMA. 1995;273:1450- PERMANENTE MEDICINE,

1456. The Permanente Medical Group



Effects of Neprilysin Inhibition in HF
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PARADIGM-HF: Trial Design

Entry Criteria:
- NYHAclass lI-IV HF, LVEF =40% — amended to =35%
= BNP =150 pg/mL (or NT-proBNP = 600 pg/mL) or 1/3 lower if hospitalized for HF within 12 months
» On a stable dose of ACEI or ARB equivalentto =10 mg of enalapril daily for =4 weeks
= Unless contraindicated, on stable dose of beta-blocker for =4 weeks
« SBP =95 mm Hg, eGFR =30 mL/min/1.73 m? and serum K =5 .4 mmol/L at randomization

Study stopped early after median

follow-up of 27 months
Single-blind run-in period

g A Enalapril 10 mg BID
(n=4,212)
_ Sac/Val
Enalapril 49/51 mg to I'.IF
10 mg BID amalll 97/103 mg BID Patients

(n=10,513)

(n=9,41 9) (n=8,442)

Sac/Val 97/103 mg BID
(n=4,187)

2 Weeks i 4-6 Weeks 34-month follow-up
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Primary endpoint: Death from CV causes or hospitalization for HF ’
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PARADIGM-HF: Primary Endpoint of CV Death or

Heart Failure Hospitalization
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Sac/Val Effect on CV Death in Addition to
Current RAS Inhibitors
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Beta-Blockers in Heart Failure
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Not all Beta-Blockers Are Created Equal?

Beta-Blocker Long-Term Effect

Bisoprolol’ Beneficial
Bucindolol? No effect
Carvedilol®—° Beneficial

Metoprolol tartrate®

Not well studied

Metoprolol succinate’ Beneficial
Nebivolol® No effect
Xamoterol® Harmful

1. CIBIS Il Investigators and Committees. Lancet. 1999;353:9-13.
3. Colucci WS et al. Circulation. 1996;94:2800-2806.

5. The CAPRICORN Investigators. Lancet. 2001;357:1385-1390.
7. MERIT-HF Study Group. Lancet. 1999;353:2001-2007.

9. The Xamoterol in Severe Heart Failure Study Group. Lancet. 1990;336:1-6.

2. The BEST Investigators. N Engl J Med. 2001; 344:1659-1667.

4. Packer M et al. N Engl J Med. 2001;344:1651-1658.
6. Waagstein F et al. Lancet. 1993;342:1441-1446.
8. SENIORS Study Group. Eur Heart J. 2005; 26:215-225.
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MRA in HF
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From HF Prevention to HF Treatment:
The Discovery & Study of SGLT2i

Type 2 DM with or at \ HF with or without
high risk for ASCVD diabetes

A\

1835 2008 2013 2014 2015 2016 2017 2018 2019
O /a O /a O O O O O O O
French scientists Regulatory FDA approval EMPA-REG CANVAS DECLARE DAPA-H
isolate phlorizin in guidance to of first SGLT2 OUTCOME (canagliflozin) TIMI 58 (dapagliflozin)
apple tree bark industry requiring inhibitor for (empagliflozin) (dapagliflozin)
CVQOTs diabetes

Vaduganathan M, Butler J. Nat Med 2019



Meta-Analysis of 5 Large Placebo-Controlled Trials:

CV Death or HF Hosp

Study HR (95% CI)
DAPA-HF ] 0.75 (0.65-0.85)
DELIVER | 0.80 (0.71-0.91)
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Heart Failure with Reduced Ejection Fraction

Neprilysin
Inhibition

Aldosterone
Inhibition
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Comprehensive Therapy (ARNI+BB+MRA+SGLT2i) vs.
Conventional Therapy (ACEi/ARB + BB)
in a 55-year-old patient with HFrEF

Treatment
—— Comprehensive therapy
100 —— Conventional therapy
Projected mean overall survival
20 L Comprehensive therapy 17-7 years (14.9-20.5)
. Conventional therapy 11.4years (9.2-13.5)
) Ill Difference (95% Cl) 6.3 years (3-4-9-1)
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6.3 additional years of

overall survival Vaduganathan M et al. Lancet. 2020;396:121-28.



Practical Tips for Implementation

EXPERT CONSENSUS DECISION PATHWAY

2021 Update to the 2017 ACC Expert
Consensus Decision Pathway for
Optimization of Heart Failure
Treatment: Answers to 10 Pivotal
Issues About Heart Failure With
Reduced Ejection Fraction

A Report of the American College of Cardiology Solution Set Oversight Committee

Maddox T et al. J Am. Coll. Cardiol. 2021.
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How are we doing? Persistent Implementation Gaps
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<5% of patients are on optimal
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Bhatt AS, Slade JJ et al. JACC-HF. 2023
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Behavioral nudges increasingly embraced
by the public at large

OOOOOOOOOOOOOOOOOOOOOOOOOOO

QICI—IAQD l-l THALEQ #1 NEW YORK TIMES BESTSELLER

JCASS p SUNSTEIN HOW to THINKING . FR[AKUNUM‘BS

C h REVISED AND EXPANDED EDITION
ang e A ROGUE ECONOMIST EXPLORES

FAST .. SLOW mz mnn:u SIDE OF zvmnums
Cenius ... has you gasping in amazement

-mumuu
The Science of Getting from D A N I E L
Where You Are to
Where You Want to Be KAH N E MAN
Improving Decisions About . | - R 3
Health, Wealth. and Happiness K aty R’//[] ﬂ km]aﬂ e R STEVEN D. STEPRER 4.

Forewor d by Angela Duckworth lE'lTT & n“l"[l

A nudge, by design, is a subtle change in design that can have
an outsize impact on human behavior without limiting choice
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Clinical Risk in Heart Failure

HEART FAILURE

Advanced HFrEF
intolerant/refractory to GDMT,
recurrent HF hospitalizations

-
/

AN

HFrEF and recent HF
hospitalization or worsening HF
~ ~40%

ANN
AR

“Stable” outpatient HFrEF, NYHA
class I, no recent hospitalizations
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A
Multiple ASCVD events, 7% —
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Provider nudges in integrated health systems

éﬁ

REVeAL-HF

Patient hospitalized for
heart failure

Randomization

Alert when provider is No alert
entering orders Usual care

Data collected via the electronic
health record (pragmatic design)

PRIMARY OUTCOMES
All-cause mortality or 30-day re-hospitalization (composite)

SECONDARY OUTCOMES
Length of stay, rates of 30-day re-hospitalization,
use of heart fallure theraples referral to palliative care,
P 0 0D 0 AD. heart ansp

Risk Transparency
No change in outcomes

Ahmad T et. al. JAMA Cardiology. 2022; Ghazi et. al. ] Am Coll Cardiol. 2022.

Vitals

Labs LVEF

Tailored
GDMT

Patient seen in outpatient
PCP or Cardiology Clinic
and meets following
criteria:

¢ Age >18 years
* LVEF <40%
» Not on Quadruple Therapy

Provider Sees

Alert
N =685

Provider Sees

No Alert

(usual care arm)
N =625

Proportion of Patients With
Increase in GDMT After 30 Days

25.7

~ Alert
(% increase in patients)
9.78

—
288I

7.04
No Alert

187 (% increase in patients)

ACE-I/ARB i
AlLGDMT* BB ARNI MRA SGLT2i

*P = 0.03 Primary Endpoint

Clinical Decision Support
Modest improvement in implementation



Implementation Science in Heart Failure

EHR-Based Clinical Decision Support

/ Vitals Labs LVEF Tailored \
GDMT

¢ “v el

Proportion of Patients With

Increase in GDMT After 30 Days

Provider Sees

Patient seen in outpatient Alert 257
PCP or Cardiology Clinic Alert
and meets following (% increase in patients)
criteria: - vor I 7 978
« Age >18 years . I I I
* LVEF s40% 5 288
« Not on Quadruple Therapy Provider Sees 7204 5% 75
N NoAlert  No Alert
187 (%increasein patients)

Highly Scalable
Modest Effect Size; ?Alert Fatigue

Ghazi et. al. ] Am Coll Cardiol. 2022.
Mebazza et. al. Lancet. 2022.

UMPLEMENT—HFJ

In-person care team support

All-cause death or HF readmission through Day 180 \
100+
80+

N

Probability of event-free survival (%)

—— Usual care group
—— High-intensity care group

180-day adjusted risk difference 8-1%
(95% C12-9 to 13-2; p=0-0021)

0 T T T T T

0 15 30 45 60 75 90 105 120 135 150 165 180
\ 180-day RD 7.3%, 95% CI: 2.4-12.1; p=0.0034

Resource Intensive
Large Effect Size




Rationale for the IMPLEMENT-HF Program

o Despite strong evidence and endorsement by clinical practice
guidelines, implementation of medical therapy for HFrEF remains
incomplete.

o Hospitalization, regardless of admission indication, may represent a
ootentially attractive setting for therapeutic optimization.

o Prior HF implementation trials have generally excluded two
oopulations (1) patients admitted for non-HF reasons and (1) those
with de novo presentations of HFrEF.




A
Hospitalization = Opportunity for GDMT Optimization

* Targets high-risk patients in a well-resourced setting

* Addresses potential reasons for poor outpatient GDMT
optimization (time, reinforcement, education)

* Allows for frequent hemodynamic and symptom monitoring
* Caninclude patients hospitalized for and with HFrEF
* Potential for virtual nudging strategies to allow for

scale across integrated health systems.

Center for Cardiometabolic Implementation Science
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IMPLEMENT-HF: Virtual Care Team Guided Strategy

Daily EHR Query

Note in EHR & Site 1
Primary Team

Paged

Fully Virtual
Physician +
Pharmacist Team

Finalized (Team)

Screening
(Study Physician)

Preliminary
Recommendations Recommendations

Formulated
(Pharmacist)

Facilitate combination disease-
modifying HF therapy:

4 Evidence-based PBeta-Blocker
4 ARNI > ACEI or ARB

4 MRA

4 SGLT2i

Up-titrate to target doses

YIED

1! Mass General Brigham

for Cardometabolic Inplemerntation Science
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IMPLEMENT-HF Pilot Feasibility Study

@ ESC Virtual optimization of guideline-directed
ooy Medical therapy in hospitalized patients with
heart failure with reduced ejection fraction:
the IMPLEMENT-HF pilot study

Ankeet S. Bhatt', Anubodh S. Varshney'’, Mahan Nekoui2, Alea Moscone?,
Jonathan W. Cunningham, Karola S. Jeringl, Parth N. Patel3,

Lauren E. Sinnenberg3, Thomas D. Bernier4, Leo F. Buckley4, Bryan M. Cook4,
Jillian Dempsey4, Julie Kelly4, Danielle M. Knowles*, Kenneth Lupi4, Rhynn Malloy?*,
Lina S. Matta4, Megan N. Rhoten#, Krishan Sharma?®, Caroline A. Snyder®,

Clara Ting4, Erin E. McElrath3, Mary G. Amato3?’, Maryam Alobaidly?,

Catherine E. Ulbricht’:8, Niteesh K. Choudhry?, Dale S. Adler:3,

and Muthiah Vaduganathan*

Bhatt AS, Varshney AS et. al. Eur J Heart Failure. 2021.



IMPLEMENT-HF Pilot Feasibility Study

Usual Care Intervention
A A -----
2/3/2020 3/1/2020 | 8/28/2020
. . Dapa FDA . .
A |
Pprove Final Study
Analysis

(‘l
® —
=
=
]

11T Mass General Brlgham
for Car

eeeeeeeeeeeeeeeeeeeeeeeeeeeee

PERMANENTE MEDICINE.
The Permanente Medical Group

Bhatt AS, Varshney AS et. al. Eur J Heart Failure. 2021.



IMPLEMENT-HF Pilot Feasibility Study

]
i 14,000
100 I uc l GDMT Team Intervention
- 12,000
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B Cumulative IMPLEMENT-HF Enrollment
e Cumulative COVID-19 Hospitalizations in MA
Bhatt AS, Varshney AS et. al. Eur J Heart Failure. 2021.



IMPLEMENT-HF Pilot: Usual Care

100
B Admission (N=29)
90 m Discharge (N=29)
p=0.77 p=1.00 » 30 Days Post Discharge (N=25)
80 1 1
3
= 70
2\__
£ =1.00 p=0.78
S 60 p=1. p=0.
= 1 1
e
s 90 52
c
2
g 40
o
2
a 30
= 1.00 for both
p=0.67 p=100 P _
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16 17 § 17 § 16 p = 1.00 for both
10 14 m B 14 f 14 g5 1
v/ 7
0 I 3 4
BB ACEi/ARB/ARNI ARNI MRA SGLT2i Triple Therapy Quad Therapy
GDMT Class

Bhatt AS, Varshney AS et. al. Eur J Heart Failure. 2021.



IMPLEMENT-HF Pilot: Intervention

100 , p=0.01 p=0.56

—1r—i B Admission (N=89)
m Discharge (N=89)

90 93 = 30 Days Post Discharge (N=74)

80
3 70 p=0.55 p=0.61
%' | 11 |
€ 60
2 60
“"f 58
o
s 50
c
2
'§- 40 p=0.047 p=0.72 p=0.005 p=0.58
S i 1
o

30 32 31

p=0.03 p=0.49
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10 I | I
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9
7 7
0 | | L
BB ACEi/ARB/ARNI ARNI MRA SGLT2i Triple Therapy Quad Therapy

GDMT Class

Bhatt AS, Varshney AS et. al. Eur J Heart Failure. 2021.



IMPLEMENT-HF Pilot: Recommendations

® Implemented (N=100, 50%)
® Not Implemented (N=100, 50%)

Bhatt AS, Varshney AS et. al. Eur J Heart Failure. 2021.



The IMPLEMENT-HF Pivotal Study
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GDMT Usual
Team Care
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Hospitalized Patients
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GDMT Usual
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Bhatt AS, Varshney AS et. al. ] Am Coll Cardiol. 2023.



Inclusion & Exclusion Criteria

Inclusion Criteria

Exclusion Criteria

Age > 18 years
LVEF < 40% assessed in preceding 12 months

Admitted to a participating facility on a non-
intensive care unit medical or surgical service

Received care in an intensive care unit
Admission to a same-day procedural or surgical service

Inotropic or mechanical circulatory support use

Acute coronary syndrome, percutaneous cardiac procedure, stroke, or major
cardiovascular vascular surgery within 30 days

Systolic blood pressure < 90 mmHg in the preceding 24 hours

Severe valvular disease or >=moderate RV dysfunction on most recent TTE

Pulmonary hypertension on disease specific therapies
Congenital heart disease

Amyloid heart disease

Hypertrophic or restrictive cardiomyopathy
Bacteremia or suspected bacteremia

History of or listed for any solid organ transplant

Admission for bone marrow transplant or chemotherapy administration

Receiving hospice care or comfort-measures only
Admission for COVID-19

Pregnant or nursing women

Physician discretion




Design of the IMPLEMENT-HF Pivotal Study

Brigham Faulkner
Hospital
209 Encounters

Brigham and Women'’s
Hospital
261 Encounters

Salem Hospital
338 Encounters

Screen Fail
187 Encounters

Screen Fail
227 Encounters

Screen Fail
142 Encounters

252 Encounters
(198 Unique Patients)

Allocation

Usual Care Virtual Team Guided Care
145 Encounters 107 Encounters

106 Encounters
—

106 Encounters

In-Hospital Death
1 Encounter

In-Hospital Death
2 Encounters

143 Encounters
Lost to Follow-up

Lost to Follow-up
0 Encounters

0 Encounters

143 Encounters

Bhatt AS, Varshney AS et. al. ] Am Coll Cardiol. 2023.

Effectiveness Outcomes:

- Composite In-hospital GDMT
Optimization Score

- Proportion of encounters with
HF therapy intensification

Adjudicated Safety Outcomes:

Acute kidney Injury

Hyperkalemia

Bradycardia

Hypotension



Select Baseline Characteristics

Virtual Care Team Usual Care
Strategy n=107 n=145

Demographics
Age (years) 70+ 12 69 + 15
Women 35% 33%
Race

White 78% 71%

Black 13% 15%

Other 9% 14%
Hispanic ethnicity 17% 18%
Primary language

English 87% 85%

Spanish 14% 11%

Other 0% 4%
Primary admission diagnosis of heart failure 25% 24%
De-novo presentation of HF 22% 18%
Left ventricular ejection fraction (%) 33+9 32+9
Coronary artery disease 48% 49%
Cancer 17% 17%
Diabetes mellitus 47% 39%
Admission Vital Signs and Laboratory Measures
Systolic blood pressure (mmHg) 134 + 29 132+ 25
Heart rate (bpm) 88 +21 89+ 23
Sodium (mEq/L) 138 +4 137 +4
Potassium (mEq/L) 42+06 43+0.7 Bhatt AS, Varshney AS et.
eGFR (mL/min/1.73m?) 61+31 62 + 32 al. ] Am Coll Cardiol. 2023.




Primary Endpoint

In-hospital GDMT +8
Optimization Score:

+2 for new initiations
+1 for dose 11
-1 for dose | | 0
-2 for new discontinuations

Assessed by comparing prior to
admission and discharge
medication regimens

Bhatt AS, Varshney AS et. al. ] Am Coll Cardiol. 2023.

GDMT Summary Score
T

Adjusted B-Coefficient:
+1.2 (+0.7 to +1.8); P<0.001
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Secondary Outcomes

100%

90%

80%

70%

60%

50%

40%

30%

20%

10%

New Initiations Among Treatment Naive Patients

0%
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44%

@ Usual Care

15%

B-blockers

5%

11%

ACEi/ARB

ARNI

MRA

9%

SGLT2i



Secondary Outcomes

@ Usual Care @ Virtual Care Team Strategy
100% -

90% <+ P=0.005 P=0.65 P=0.34 P=0.001 P=0.34
81%

80%

70%

60%

50%

40%

30%

20%

10%

New Initiations Among Treatment Naive Patients

0%
B-blockers ACEi/ARB ARNI MRA SGLT2i
Bhatt AS, Varshney AS et. al. ] Am Coll Cardiol. 2023.



Secondary Outcomes

0% @ Usual Care @ Virtual Care Team Strategy
b -

60% T p=0.001 P=0.001
50%

50%

44%

40%

30%

20%

Percentage of Encounters (%)

10%

0%

21 New Initiation or Dose 21 New Initiation
Uptitration

Bhatt AS, Varshney AS et. al. ] Am Coll Cardiol. 2023.



Secondary Outcomes

Percentage of Encounters (%)

70% -

60% -

50% -

40% -

30% -

20% -

10% -

0% -

@ Usual Care @ Virtual Care Team Strategy

P=0.001 P=0.001 P=0.002
50%

44% 44%

21 New Initiation or Dose 21 New Initiation Net Intensification
Uptitration

Number Needed to Intervene: ~5 Encounters



Primary Endpoint Across Subgroups of Interest

P,

interaction

# of Encounters B-coefficient (95% CI)

Overall 249 1.24 (0.69-1.79)

Age 0.11
<Median 123 —o-—— 0.86 (0.03-1.69)
2Median 126 —e— 1.64 (0.91-2.36)

Sex 0.36
Women 85 — o 0.80 (0.00-1.61)
Men 164 I—*Q—I 1.47 (0.76-2.18)

Race 0.23
White 180 —e— 1.26 (0.60-1.96)
Black 35 l—'—.—l 1.95 (0.73-3.18)
Other 30 —— 0.10 (-1.64-1.83)

Ethnicity 0.002
Non-Hispanic 201 e 1.62 (1.02-2.21)
Hispanic 43 —e1—i: -0.44 (-1.88-0.99)

Primary Language <0.001
English 210 o 1.53 (0.94-2.12)
Spanish 30 —_—— -1.13 (-2.83-0.57)

Site of Enrollment 0.34
Brigham 71 F—e— 1.52 (0.61-2.43)
Faulkner 67 —e— 1.49 (0.46-2.52)
Salem 111 —e— 0.84 (-0.07-1.75)

Chronicity of Heart Failure Diagnosis 0.70
Established 201 o 1.10 (0.51-1.69)
De Novo 48 ——e— 0.89 (-0.59, 2.38)

Primary Diagnosis for Admission 0.96
Heart Failure 62 —— 1.24 (0.06-2.41)
Other Diagnosis 187 —c— 1.10 (0.53-1.68)

Bhatt AS, Varshney AS et. al. J
Am Coll Cardiol. 2023.
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In-Hospital Adverse Events (CEC Adjudicated)

Virtual Care Team Strategy Usual Care
n=107 n=145 P-Value

Any Adverse Event 23 (21.5%) 40 (27.6%) 0.30
Hypotension 12 (11.2%) 24 (16.6%) 0.28
3 consecutive SBP <90mmHg 12 (11.2%) 23 (15.9%) 0.36
Vasopressor/ICU requirement for hypotension 2 (1.9 %) 7 (4.8 %) 0.31
Hyperkalemia 8 (7.5 %) 18 (12.4%) 0.22
Serum K* > 5.5mmol/L 6 (5.6 %) 18 (12.4%) 0.08
Serum K* > 6.0mmol/L - 6 (4.1%) 0.04
Acute potassium lowering therapy 6 (5.6%) 6 (4.1%) 0.77
Acute kidney injury 5(4.7%) 3(2.1%) 0.29
Doubling of admission sCr 5 (4.7 %) 1 (0.7 %) 0.09
New kidney replacement therapy -- 2 (1.4 %) 0.51

Bradycardia 0 (0.0 %) 0 (0.0 %) -

3 consecutive HR <40bpm -- -- --

Temporary or permanent pacing - -- --

Acute heart rate therapy -- -- -

In Hospital Death 1 (0.9 %) 2 (1.4 %) -~




Hospital Length of Stay

@ Usual Care

6 (IQR 3 to 10) days

0 2 4 6 8 10 12 14 16
Median Hospital Length of Stay (days)

Bhatt AS, Varshney AS et. al. ] Am Coll Cardiol. 2023.
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Hospital Length of Stay

@ Usual Care @ Virtual Care Team Strategy

6 (IQR 3 to 10) days

6 (IQR 3 to 11) days

0 2 4 6 8 10 12 14 16
Median Hospital Length of Stay (days)

Bhatt AS, Varshney AS et. al. ] Am Coll Cardiol. 2023.
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Limitations

o The primary endpoint was an in-hospital implementation outcome; the
impact of a virtual care team guided strategy on medication durability
and clinical outcomes requires further study.

o Contamination of the intervention at the provider level is possible.

o The trial was conducted within diverse care entities a single healthcare

delivery system; external validation is needed to establish
generalizability.



Findings from the IMPLEMENT-HF Program

o A virtual care team-guided strategy improved medical therapy optimization in
hospitalized HFrEF patients across multiple hospitals in an integrated
healthcare system.

o Benefits were consistent across most subgroups, including hospitalizations for
non-HF indications and de-novo HF presentations.

o We observed an important treatment interaction in which Hispanic &
predominantly Spanish-speaking patients derived less benefit.

o A virtual care team guided strategy was safe, with no excess in adverse events.
o The beneficial effects did not come at the expense of increased hospital LOS.

Virtual care teams represent an effective, scalable, &
safe approach to HFrEF therapeutic optimization.
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New Opportunities
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888 Scaling Across a Health System
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System-of-Systems Generalization

Cardiometabolic Care Implementation

Transitional Care
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Learning to learn in a learning healthcare system

Incorporate into Identify Care
Gaps

Standard of Care

Randomize and
Evaluate

Implementation
“Chasm”
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